7,* 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 




(43) International Publication Date 
31 Oetober 2002 (31.10.2002) 



(10) International Publication Number 

PCT WO 02/086972 Al 



(51) International Patent Classification 7 : H01L 25/075, 

33/00 

(21) International Application Number: PCT/IE02/00053 

(22) International Filing Date: 23 April 2002 (23.04.2002) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
2001/0402 
2001/0827 



23 April 2001 (23.04.2001) IE 
13 September 2001 (13.09.2001) IE 



(71) Applicant (for all designated States except US): PLASMA 
IRELAND LIMITED [IE/IE]; 22 Summerhill North, 
Cork (IE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): BRADDELL, Jules 

[GB/IE]; 173 Deer Park, Deer Park Road, Cork (IE). KA- 
VANAGH, Kieran [IE/IE]; Dendara, Coolnahane, Kan- 
turk, County Cork (IE). HERBERT, Anthony [IE/IE]; 22 
Summerhill North, Cork (IE). 



(74) Agents: O'BRIEN, John, A. et al.; John A. O'Brien & 
Associates, Third floor, Duncairn House, 14 Carysfort Av- 
enue, Blackrock, County Dublin (IE). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FL, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FT, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GvV, ML, MR, 
NE, SN, TD, TG). 

Published: 

— with international search report 

[Continued on next page ] 



(54) Title: ILLUMINATOR 



on 

00 




(57) Abstract: An illuminator (1) comprises a substrate (2) supporting light source dies (4) driven via wire bonds (5). The substrate 
(2) comprises a silicon strip (20) in direct contact with a brass heat sink (3), thus providing for excellent heat transfer away from 
the die (4). Pads (10, 1 1, 12) of Ni, Ti, and Ag sub-layers support the die (4) and the wire bonds (5). These both provide electrical 
connections for the die (4) and also light reflection upwardly because the Ag sub-layers of the pads (10," 11, 12) are evaporated over 
a thermally grown oxide layer (21) on the Si (20). The oxide has a very high dielectric strength, thus maintaining excellent electrical 
insulating properties over a large voltage range. I 



BNSDOCID: <WO 02086972A1_I_> 



BEST AVAILABLE COPY 



WO 02/086972 Al li ll I I 1 II II II t IIIIMI II M 111 1 1 1 1 1 II 1 1 Ml 



— before the expiration of the time limit for amending the For two-letter codes and other abbreviations, refer to the "Guid- 
claims and to be republished in the event of receipt of ance Notes on Codes and Abbreviations" appearing at the begin- 
amendments ning of each regular issue of the PCT Gazette. 



BNSDOCID: <WO 02086972A1_I_> 



WO 02/086972 



PCT/IE02/00053 



ILLUMINATOR 



INTRODUCTION 
5 Field of the Invention 

The invention relates to illuminators for applications such as machine vision systems. 
Prior Art Discussion 

10 

Illuminators based on light emitting diodes (LEDs) are widely used for machine 
vision, sensing, alignment, medical, sorting, ambient lighting and other applications. 
For many applications such as line sources, backlights and ring lights, attributes of 
high power density and uniformity at the target are desirable. 

15 

Such attributes are not readily available from LEDs. These are grain sized die of 
semiconductor material which emit light when an electric current is passed through 
the device. The light emitted from an LED die is highly non-directional, being quasi- 
isotropic, and is spatially non-uniform in radiant intensity (defined as the radiant flux 
20 emitted per space angle, W/sr). 

In one prior approach, to address the problems of non-directionality and non- 
uniformity LED die have been packaged by mounting each die inside a metal 
reflecting cup, the whole then being surrounded by an encapsulating epoxy or 

25 plastics material in the shape of a lens. Degrees of directionality and uniformity of 
light output are achieved by the operation of the shaped reflector and by the lensing 
effect. A disadvantage is that the space occupied by a packaged LED is much larger 
than the space occupied by a LED die so that packing density is greatly reduced in 
the case of arrays of packaged LEDs. To produce an illuminator, one or two 

30 dimensional arrays of packaged LEDs are mounted onto circuit boards in rows 
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and/or columns, in circles or other geometries, commonly called stuffing. This 
method suffers from disadvantages: 

- The low packing density of the packaged LEDs results in low output power and 
5 hence low irradiance at the target. 

The packaged LEDs cannot be mounted on the circuit board in a sufficiently 
controlled mamier to ensure that the optical axis of each LED is identically 
aligned in the desired direction. Thus, light distribution and uniformity is non- 
optimum and there is generally a divergence of up to about 20° between the 
10 mechanical axis of the illuminator and its optical axis, again producing non- 

optimum irradiance at the target. 

Diffusers over the top of the packaged LED arrays are required to blur out the 
contributions of the individual LEDs and give some level of uniformity. Such 
diffusers cause loss of emitted light due to internal reflection and thus reduce the 
1 5 overall efficiency of die illuminator. 

- Design flexibility is limited due to the need to produce a new circuit board for 
each design. 

- Thermal management is difficult due to the insulating properties of the circuit 
board and the LED die encapsulation. Excessive heat reduces efficiency and 

20 LED lifetime. 

Large footprint and volume. This is a serious issue for many applications due to 
space constraints in fitting illuminators into many systems. 

A further approach uses chip and wire technology, in which the individual die are 
25 bonded directly onto a circuit board in arrays. One such approach is that described 
in European Patent Specification No. 0560605. The whole board with die is 
encapsulated in epoxy for protection of the die and bonds. This provides improved 
packing density, but such density is limited by the critical dimensions available from 
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printed circuit board (PCB) technology. This limit on packing density is particularly 
acute where a multiple wavelength illuminator is required. Such an illuminator 
requires a multiplicity of metal interconnect tracks for electrical biasing and driving 
of the different LEDs needed, one type for each wavelength. The pattern size 
5 limitations of PCB technology mean that the LEDs have to be more widely spaced 
apart in multiple wavelength illuminators tiius reducing packing density and 
increasing size and bulk. Another problem is that there appears to be significant 
internal absorption within the illuminator. A further problem is heat build-up due to 
the thermal insulating properties of the epoxy. 

10 

The invention is therefore directed towards providing an illuminator and method of 
production to achieve improved power density and uniformity at a target. 

Another object is to achieve improved robustness and reliability in an illuminator. 

15 

SUMMARY OF THE INVENTION 

According to the invention, there is provided an illuminator comprising light sources 
mounted on a substrate and an integrally moulded lens covering the light sources, 
20 characterised in that, 

the substrate comprises a layer of semiconductor material and pads of 
conductive and reflective material overlying the semiconductor material, 

25 said pads are electrically connected to the light sources to provide power, and 

the substrate is mounted directly on a heat sink. 
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In one embodiment, the moulded lens material extends completely over the substrate 
and a top portion of the heat sink to hermetically seal the substrate and the light 
sources. 

5 In another embodiment, the substrate comprises a layer of electrically-insulating 
material over the semiconductor material and the pads overlie said electrically- 
insulating layer. 

In a further embodiment, said electrically-insulating material comprises an oxide of 
1 0 the semiconductor material. 

In one embodiment, the oxide is thermally grown and has a dielectric strength in 
excess of 5 x 10 6 V/cm. 

15 In another embodiment^ the oxide comprises SiC>2. 

In one embodiment, the oxide depth is at least 2 microns. 

In another embodiment, the pads comprises reflective silver or gold. 

20 

In a further embodiment, the pads comprise a top sub-layer of a reflective metal over 
at least one adhesion sub-layer. 

In one embodiment, said adhesion sub-layer comprises TL 

25 

In another embodiment, said adhesion sub-layer comprises Ni. 

In a further embodiment, said sub-layers are deposited by evaporation over the oxide 
of the semiconductor material. 

30 
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In one embodiment, said sub-layers each have a depth in the range of 50 nm to 3 
microns. 

In another embodiment, said light sources comprise semiconductor die placed and 
5 wire bonded on said tracks. 

According to another aspect, the invention provides a method of producing an 
illuminator of the type comprising light sources mounted on a substrate and an 
integrally moulded lens covering the light sources, the method comprising the steps 
10 of: 

providing a semiconductor material base, 

depositing pads of electrically conductive and optically reflective material on 
1 5 the base to provide a substrate, 

placing the light sources and electrical connectors on the pads of the substrate, 

adhering the substrate at a lower surface of the base to a heat sink, and 

20 

moulding a lens over and around the substrate to hermetically seal the 
substrate and the light sources. 

In one embodiment, the invention comprises the further step of growing an oxide 
25 layer on a surface of the base, and depositing the pads on the oxide layer. 

In another embodiment, the oxide layer is grown to a depth of at least 2 microns. 

In a further embodiment, the base is of silicon material and the oxide is silicon 
30 dioxide. 
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In one embodiment, the pads are deposited by patterning with use of a photo-resist. 

In another embodiment, the lens is moulded by placing the substrate upside-down in 
5 a mould cavity and filling the cavity until liquid lens material surrounds the 
substrate. 

In a further embodiment, the mould is sloped during filling, and the cavity is filled 
from the higher end. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

Brief Description of the Drawings 

15 The invention will be more clearly understood from the following description of 
some embodiments thereof, given by way of example only with reference to the 
accompanying drawings in which: - 

Fig. 1 is a perspective view of an illuminator of the invention; 

20 

Fig. 2 is a larger scale plan view of part of the substrate of the illuminator; 
Fig. 3 is a flow diagram illustrating production of the substrate; and 
25 Fig. 4 is a plan view of a ring illuminator of the invention. 

Description of the Embodiments 

Referring to Fig. 1 an illuminator 1 is illustrated. The illuminator 1 has a linear 
30 configuration for emission of a uniform line of light on a target with a high power 
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density. The illuminator 1 may be used alone or a number of them may be mounted 
together in a desired configuration according to the application. 

The illuminator 1 comprises a planar substrate 2 mounted on a brass heat sink 3 of 
5 rectangular block shape. The substrate 2 supports a line of light emitting 
semiconductor die 4 and bond wires 5 for activation. A semi-elliptical body 6 of 
transparent epoxy is moulded over the substrate 2 and it overlaps the sides of the 
substrate 2 and the top of the heat sink's sides to form an hermetic seal. The 
overlapping portion is indicated by the numeral 7. 

10 

As shown in Fig. 2 the substrate 2 comprises a series of central tri-metal pads 10(a), 
10(b), 10(c), and 10(d). There are also a series of lateral wire bond tri-metal pads 
11(a), 11(b), and 11(c) on one side and a series 12(a), 12(b), and 12(c) on the other 
side. The die 4 are mounted in a straight line on the central pads 10 with a packing 
15 density of 4 per mm. The die 4 are of the AlGaAs type emitting at 660nm 
wavelength. The wire bonds 5 bridge the dies 4 and the lateral pads 11 and 12. 

Referring to Fig. 3, production of the substrate 2 is now described. Initially, a silicon 
(Si) strip 20 of dimensions 50mm long by 5mm wide is provided. The Si acts as an 
20 excellent thermal conductor. 

Si0 2 oxide 21 is then grown on both faces of the Si strip 20. The depth of the oxide 
21 is 2 microns, and it is grown by thermal oxidation The top oxide layer is used for 
supporting the pads and it is an excellent electrical insulator for insulation of the pads 
25 10, 11, and 12 and the wire bonds. Also, die dielectric strength is in the range of 5 to 
10 x 10 6 V/cm. Thus, high voltages (in the range of 10V to 220V) may be applied to 
the illuminator without oxide breakdown. 

In the next step a tri-metal layer 25 is grown over the top oxide layer 21. The metal 
30 sub-layers are grown by evaporation as follows:- 
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Ti to a depth of 50nm, 

Ni to a depth of 50nm, and 

Ag to a depth of 1 to 3 microns, depending on the application. 

5 The Ni and Ti are very effective primers for adhesion of the Ag layer, thus providing 
excellent stability. 

The top sub-layer of silver (Ag) material is important because it plays both optical 
and electrical roles in operation of the illuminator 1. It is highly reflective so that a 
10 large proportion of light emitted by the dies 4 in the general plane of the substrate 2 is 
reflected upwardly and out of the epoxy body 6. Thus, the pads 10, 11, and 12 serve 
a dual purpose of conducting electrical power to the dies 4 (via the wire bonds 5) and 
of reflecting light upwardly to improve optical efficiency. 

15 The next step is to pattern photoresist 26 over the layer 25 to define two exposed 
lines 0.7mm wide on the tri-metal layer 25. The to-metal layer 25 is then etched 
away by a chemical wet etch process to define the three electrically isolated pads 10, 
11, and 12. 

20 The dies 4 are then placed on the central track 10 using silver epoxy, and they are 
wire-bonded to the lateral tracks 11 and 12. 

The process of Fig. 3 provides the loaded substrate 2. This is then adhered to the 
heat sink 3 using a highly thermal conductive epoxy. 

25 

Electrical leads 9 are soldered to the substrate 2 at the end pads. 

Finally, a PTFE mould having cavities defining the shape of the illuminator 1 from 
the top of the heat sink 3 upwardly is used to mould the epoxy 6. This step is 
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performed very quickly after deposition of the tri-metal layer to avoid oxidation on 
the Ag surface and thus ensure that it is highly reflective. The heat sink/substrate 
assembly is placed upside-down in the mould, and epoxy is injected underneath. 
The mould is shaped to ensure that the epoxy fills completely as it is injected the 
5 higher-level end and there is gravity flow. The mould is shaped to ensure that the 
epoxy 6 not only covers the substrate 2, but also extends downwardly over the top of 
the heat sink side edges to hermetically seal the whole unit. The mould is then baked 
at 80°C for one hour to cure the epoxy. 

10 In the above embodiment the silicon strip 20 is 5mm wide, the pads 11 and 12 each 
being 1.9mm wide. The length is 50mm. However, the dimensions may be different 
to suit the required number of dies and their relative positions. Also, the dies may be 
of a variety of types in the one illuminator to achieve the desired colour illumination. 
There may, for example, be R, G, and B dies, and a separate lateral pad associated 

15 with each set. The technique for applying and patterning the tri-metal layer 25 
allows excellent versatility for achieving a desired configuration of drive. 

Regarding the epoxy 6, this is of the type marketed as E501™ by Epotecny of 
Levallois-Perrit, France. However, the epoxy composition and mould shape may be 
20 different to suit the particular application. For example, if a broader line of 
illumination is required the shape may be semi-cylindrical rather than semi-elliptical. 
There is excellent versatility because the desired light output spread is easily set by 
choice of mould shape. 

25 The illuminator 1 may be regarded as a building block for a composite illuminator 
having multiple such illuminators. For example, referring to Fig. 4 a ring illuminator 
30 comprises eight illuminators 1 mounted in an inwardly-directed ring configuration 
on a plastics support 31. Where there is particularly high power and/or die density, 
the outer support may also be of a heat sink material. 

30 
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It will be appreciated that the invention provides an illuminator which is very robust 
because of the epoxy/ substrate/heat sink construction. There is also a large power 
density because of reflection from the Ag-surfaced tracks and the high die density. 
Also, there is a large voltage range of operation because of the high dielectric 
5 strength of the Si0 2 oxide. Furthermore reliability is excellent because of efficient 
heat transfer from the die 4 via the pads 10, the oxide, the silicon strip 20 and the 
heat sink 3. These provide a direct and highly efficient path for heat transfer. This is 
particularly important because the epoxy lens has a thermal insulating effect on tire 
top of the substrate 2. 

10 

Another advantage is that excellent uniformity is achieved because of reflection of 
light from the Ag-surfaced pads 10, 11, and 12. This avoids the need for diffusion 
components in the epoxy, thus contributing to high power density. 

15 The invention is not limited to the embodiments described but may be varied in 
construction and detail. For example, where the die emit in the IR band, the pads 
may be coated with Au for excellent reflectivity. 
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Claims 

L An illuminator comprising light sources (4) mounted on a substrate (2) and an 
integrally moulded lens (6) covering the light sources, characterised in that, 

5 

the substrate (2) comprises a layer (20) of semiconductor material and pads 
(10, 11, 12) of conductive and reflective material overlying the semiconductor 
material, 

10 said pads (10, 11, 12) are electrically connected (5) to the light sources (4) to 

provide power, and 

the substrate is mounted direcdy on a heat sink (3). 

15 2. An illuminator as claimed in claim 1, wherein the moulded lens material 
extends completely over the substrate (2) and a top portion of the heat sink (3) 
to hermetically seal the substrate and the light sources (4). 

3. An illuminator as claimed in claims 1 or 2, wherein the substrate (2) 
20 comprises a layer (21) of electrically-insulating material over the 

semiconductor material (20) and the pads (10,11,12) overlie said electrically- 
insulating layer. 

4. An illuminator as claimed in claim 3, wherein said electrically-insulating 
25 material comprises an oxide of the semiconductor material. 

5. An illuminator as claimed in claim 4, wherein the oxide is thermally grown 
and has a dielectric strength in excess of 5 x 10 6 V/cm. 

30 6. An illuminator as claimed in claim 5, wherein the oxide comprises Si0 2 . 
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7. An illuminator as claimed in claims 5 or 6, wherein the oxide depth is at least 
2 microns. 

5 8. An illuminator as claimed in any preceding claim, wherein the pads (10, 11, 
12) comprises reflective silver or gold. 

9. An illuminator as claimed in any preceding claim, wherein the pads comprise 
a top sub-layer of a reflective metal over at least one adhesion sub-layer. 

10 

10. An illuminator as claimed in claim 9, wherein said adhesion sub-layer 
comprises Ti. 

11. An illuminator as claimed in claim 9 or 10, wherein said adhesion sub-layer 
1 5 comprises Ni. 

12. An illuminator as claimed in any of claims 9 to 11, wherein said sub-layers 
are deposited by evaporation over the oxide of the semiconductor material 
(20). 

20 

13. An illuminator as claimed in any of claims 8 to 11, wherein said sub-layers 
each have a depth in the range of 50 nm to 3 microns. 

14. An illuminator as claimed in any preceding claim, wherein said light sources 
25 comprise semiconductor die placed and wire bonded on said tracks (10, 11, 

12). 

15. A method of producing an illuminator of the type comprising light sources (4) 
mounted on a substrate and an integrally moulded lens (6) covering the light 

30 sources (4), the method comprising the steps of: 
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providing a semiconductor material base (20), 

depositing pads (10,11,12) of electrically conductive and optically 
5 reflective material on the base (20) to provide a substrate (2), 

placing the light sources (4) and electrical connectors (5) on the pads of 
the substrate, 

10 adhering the substrate (2) at a lower surface of the base (20) to a heat 

sink (3), and 

moulding a lens (6) over and around the substrate (2) to hermetically 
seal the substrate and the light sources (4). 

15 

16. A method as claimed in claim 15, comprising the further step of growing an 
oxide layer (21) on a surface of the base (20), and depositing the pads on the 
oxide layer (21). 

20 17. A method as claimed in claim 16, wherein the oxide layer is grown to a depth 
of at least 2 microns. 

18. A method as claimed in claims 15 or 16 wherein the base (20) is of silicon 
material and the oxide is silicon dioxide. 



25 



19. A method as claimed in any of claims 15 to 18, wherein the pads are 
deposited by patterning with use of a photo-resist. 
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20. A method as claimed in any of claims 15 to 19, wherein the lens is moulded 
by placing the substrate upside-down in a mould cavity and filling the cavity 
until liquid lens material surrounds the substrate. 



5 21. A method as claimed in claim 20, wherein the mould is sloped during filling, 
and the cavity is filled from the higher end. 
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